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PROCESS FOR THE SYNTHESIS OF AMINE ETH FRS FROM SECONDARY AMINO 

OXIDES 



The instant invention pertains to a process for preparing amine ethers, e.g. N-hydro- 
carbyloxy substituted hindered amine compounds, by the reaction of the corresponding N- 
oxyl intermediate with a hydrocarbon in presence of an organic hydroperoxide and an iodide 
catalyst. 

4-Hydroxy-1 -oxyl-2,2,6,6-tetramethylpiperidine and 4-oxo-1 -oxyi-2.2,6,6-tetramethyl- 
piperidine are described as scavengers for some carbon centered radicals (S. Nigam et al.. 
J. Chem. Soc, Trans. Faraday Soc. 19Z6, (72), 2324 and by K.-D. Asmus et al.. Int. J. 
Radiat.- Biol., 19Z6. (29). 211). 

D. H. R. Barton et al., Tetrahedron, 19§6, (52), 10301 describe the fonnation of 
some N-aIkoxy-2,2,6,6-tetramethylpiperidine derivatives in the reaction of hydrocarbons with 
iron(ll) and iron(lll) species, hydrogen peroxide and various coadditives in the presence of N- 
oxyl-2,2,6,6-tetramethylpiperidlne (TEMPO). 

Unites States Patent No 5,374,729 describes a process for the preparation of N- 
methoxy derivatives of hindered amines from the reaction of the con-esponding N-oxyl 
compound with methyl radicals produced from dimethyl sulfoxide by decomposing aqueous 
hydrogen peroxide in presence of a metal salt or by thermal decomposition of di-tert.butyl 
peroxide. 

United States Patent No. 4,921 ,962 describes a process for the formation of N- 
hydracarbyloxy derivatives of sterlcally hindered amines in which a hindered amine or N-oxyl 
substituted hindered amine is reacted with a hydrocarbon solvent in the presence of a hydro- 
peroxide and a molybdenum catalyst. 

It has now been found that N-hydrocarbyloxy substituted sterically hindered amines 
can most suitably be prepared from the N-oxyl intermediate and a hydrocarbon in presence 
of an organic hydroperoxide and an iodide catalyst. The process of the invention uses only 
catalytic quantities of iodide and does not require high temperatures. 

Thus, present invention pertains to a process for the preparation of an amine ether 
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of a sterically hindered amine by reacting a corresponding sterically hindered aminoxide with 
an aliphatic hydrocarbon compound, characterized in that the reaction is carried out in the 
presence of an organic hydroperoxide and an iodide, which is preferably used in a catalytic 
amount. 

The aliphatic hydrocarbon compound may be any compound selected from alkane, aikene, 
alkyne, or cyclic or polycyclic analogues thereof, and optionally may be substituted, e.g. by 
aryl, halogen, alkoxy etc., provided that an aliphatic CH (or CH2, CH3) moiety is contained. 

Advantageously, the process of the invention is carried out in the absence of a copper or a 
copper compound, preferably in the absence of any heavy metal or heavy metal compound. 
Heavy metal is to be understood as transition metal or any metal of higher molecular weight 
than calcium. Metal compounds, the presence of which is advantageously to be avoided in 
the present process, include any form like salts, complexes, solutions and dispersions 
thereof. The amounts of these compounds to be tolerated within the process of the invention 
are preferably well below the catalytic level, e.g. below 0.0001 molar equivalent per mole of 
nitroxyl moiety, more preferably within or below the ppm-level (up to 1000 parts by weight of 
heavy metal per 1 million parts by weight of total reaction mixture). 



Preferred is a process for the preparation of an amine ether of the formula A 



I 



(A) 



a 



wherein 

ais1 or2; 

when a is 1, Eis E' 

when a is 2, E is L; 



E" is C1-C36 all<yi; C3-C18 all«enyi; C2-C18 alkinyl; C5-C18 cycioallcyl; C5-C18 cycioall<enyI: 
a radicai of a saturated or unsaturated aliphatic bicyclic or tricyciic hydrocarbon of 7 to 12 
carbon atoms; C2-C7all<yi or Ca-Cyallcenyl substituted by halogen, CrCaalkoxy or phenoxy; 
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C4-C,2heterocycloalkyl: CrCiaheterocycloalkenyl; C7-C15 aralkyi or-CrCiaheteroaralkyl, 
each of which is unsubstituted or substituted by C1-C4 all<yl or phenyl; or E' is a radical of 
formula (Vli) or (VIII) 



_x (Vli). 



(VIII), wherein 



Ar is Ce-Cioaryl or Cg-Cgheteroaryl; 

X is phenyl, naphthyl or biphenyl. which are substituted by 1 . 2, 3 or 4 D and optionally 
further substituted by NO2, halogen, amino, hydroxy, cyano. carboxy, Ci-C4all<oxy, d- 
C4all<ylthio, CrC4alkylamino or di(Ci-C4alkyl)amino; 
D is a group o^^'^N^ . a group C(0)-Gi3 or a group C(0)-G9-C(0)-Gi3; 
O 

G, and G2. independently of each other, are hydrogen, halogen, NO2, cyano, 
-CONR5R6, -(R9)COOR4, -C(0)-R7, -ORe, -SRe, -NHRa, -N(Ri8)2. carbamoyl, di(Ci- 
G,8allcyl)carbamoyl, -C(=NR5)(NHR6), Ci-Ci8all<yl; Ca-Cisallonyl; G3-Ci8all<inyl, C7- 
Caphenylaikyl, Cg-Ciacycloalky! or CrCiaheterocycloalkyI; Ci-Ci8alkyi or C3-G,8alkenyl or C3- 
Cisaikinyl or GrCgphenylalkyI, Ga-GiacycloalkyI or Ca-GiaheterocycloalkyI substituted by OH, 
halogen, NO2, amino, cyano, carboxy, GOOR21, G(0)-R22, Gi-C4a!koxy, GrC4alkyithio, G,- 
G4alkylamino or di(CrG4alkyi)amino or a group -0-C(0)-R7; GrGiaalkyi which is interrupted 
by at least one O atom and/or NR5 group; or are Ge-Gioaryl; or phenyl or naphthyl which are 
substituted by Gi-G4alkyl, Ci-G4alkoxy, GrG4alkylthio, halogen, cyano, hydroxy, carboxy. 
GOOR21. G(0)-R22, Gi-G4alkylamino or di(Gi-G4alkyl)amino; or Gi and G2 together with the 
linking carbon atom fomri a G3-Gi2cycloalkyl radical; 

Gs and Ge are independently of each other H or GH3; 
G9 is GrGi2alkylene or a direct bond; 
Gi3 is Gi-Gi8alkyl; 

Gu is GrCiealkyl. Cg-Cizcycloalkyl, an acyl radical of an aliphatic or unsaturated aliphatic 
carboxylic or carbamic acid containing 2 to 18 carbon atoms, an acyl radical of a cyclo- 
aliphatic carboxylic or carbamic acid containing 7 to 12 carbon atoms, or acyl radical of an 
aromatic acid containing 7 to 15 carbon atoms; 
Gs5 is H, GH3 or phenyl; 

Gee is -CN or a group of the formula -GOOR4 or -CONRsRe or -CHrO-Gu; 



wo 03/045919 



PCT/EP02/12957 



-4- 



L is alkylene of 1 to 18 carbon atoms, cycloalkylene of 5 to 8 carbon atonns, cycloalkenylene 
of 5 to 8 carbon atonns, alkenylene of 3 to 18 carbon atoms, alkylene of 1 to 12 carbon atoms 
substituted by phenyl or by phenyl substituted by alkyl of 1 to 4 carbon atoms; or is alkylene 
of 4 to 18 carbon atoms interrupted by COO and/or phenylene; 

T is tertiary G4-CiBalkyl or phenyl, each of which are unsubstituted or substituted by halogen, 
OH, COOR21 or C(0)-R22; or T is Cs-CiacycioalkyI; Cs-Ciacycloalkyi which is interrupted by at 
least one 0 or -NRisS a polycyclic alkyl radical having 7-1 8 carbon atoms, or the same 
radical which is interrupted by at least one O or -NRisS or T is -C(Gi)(G2)-r'; or Crdsalkyl 

O 



or C5-Ci2cycloalkyl substituted by ^ ; 

T' is hydrogen, halogen, NO2, cyano, or is a monovalent organic radical comprising 1-50 
carbon atoms; 

or T and T together fonm a divalent organic linking group completing, together with the 
hindered amine nitrogen atom and the quaternary carbon atom substituted by Gi and G2, an 
optionally substituted five- or six-membered ring structure; 
and 

R4 is hydrogen, Ci-Ciealkyl, phenyl, an alkali metal cation or a tetraalkylammonium cation; 
R5 and Re are hydrogen, CrCisalkyl, Ca-CisalkyI which is substituted by hydroxy or, taken 
together, form a C2-Ci2alkylene bridge or a G2-Ci2-alkylene bridge interrupted by O or/and 
NRib; 

R7 is hydrogen, CrCiaalkyl or Ce-Cioaryi; 

Ra is hydrogen, Ci-CiealkyI or Cz-Cishydroxyalkyi; 

Rg is Ct-Ci2alkylene or a direct bond; 

R18 is Ci-CiaalkyI or phenyl, which are unsubstituted or substituted by halogen, OH, GOOR21 
or C(0)-R22; 

R21 is hydrogen, a alkali metal atom or d-GiBalkyl; and 
R22 is Gi-GiaalkyI; 




22 



which process comprises 
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reacting a N-oxyl amine of formula B 
/ 

r 



(B) 



with a compound of formula IV or V 

E'-H (IV) 
H-L-H (V) 
the presence of an organic hydroperoxide and a catalytic amount of an iodide. 



in 



More specifically, present invention pertains to a process for the preparation of an 
amine ether of the formula A 



/ 



(A) 



_ a 



wherein 

a is 1 or 2; 
whenais1,EisE' 
when a is 2, E is L; 

E is C1-C36 alkyi; C3-C18 alkenyl; C2-C18 alkinyl; C5-C1 s cydoalkyl; C5-C18 cycloalkenyl; 
a radical of a saturated or unsaturated aliphatic bicyclic or tricyclic hydrocarbon of 7 to 12 
carbon atoms; Cg-CyalkyI or Cs-Cyalkenyl substituted by halogen; C7-C15 aralkyi or C7- 
Ci5 aralkyi substituted by C1-C4 alkyi or phenyl; or E is a radical of fonnula (VII) 



(VII), wherein 



X is phenyl, naphthyl or biphenyl. which are substituted by 1 . 2. 3 or 4 D and optionally 
further substituted by NOa, halogen, amino, hydroxy, cyano. carboxy, Ci-C4aIkoxy, d- 
C4alkylthio, Ci-C4alkylamino or di(Ci-C4alkyl)amino; 
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D is a group o 




. a group C(0)-Gi3 or a group C(0)-G9-'C(0)-Gi3;' 



Gi and G2, independently of each other, are hydrogen, halogen, NO2, cyano, 
-CONR5R6, -(R9)COOR4, -C(0)-R7, -ORb, -SRs, -NHRb, -N(Ri8)2, carbanaoyi, di(Cr 
Ci8alkyl)carbamoyl, -C(=NR5)(NHR6), CrCisalkyI; Cs-^CiBalkenyl; Ca-Ciaalkinyl, C7- 
Cgphenylalkyl, Cs-CiacycioalkyI or Ca-CiaheterocycloalkyI; Ci-Ci8alkyl or Cs-dealkenyl or C3- 
CiBalkinyl or Cy-Cgphenylalkyl, Cs-CigcycloalkyI or Ca-CiaheterocycloalkyI substituted by OH, 
halogen, NO2, amino, cyano, carboxy, COOR21, C(0)-R22, Ci-C4alkoxy, GrC4alkylthio, Gi- 
C4alkylamino or di(Ci-C4alkyl)amino or a group -0-C(0)-R7; C2-Ci8aikyl which is interrupted 
by at least one O atom and/or NR5 group; or are Ce-Cioaryl; or phenyl or naphthyl which are 
substituted by CrC4aikyl, CrC4alkoxy, CrC4alkyIthio, halogen, cyano, hydroxy, carboxy, 
GOOR21, C(0)-R22, GrG4alkylamino or di(CrC4alkyl)amlno; or Gi and G2 together with the 
linking carbon atom fomn a G3-Ci2cycloalkyl radical; 

G5 and Ge are independently of each other H or CH3; 
G9 is Ci-Ci2alkylene or a direct bond; 
Gi3 is Ci-Cisalkyl; 

L is alkylene of 1 to 18 carbon atoms, cycloalkylene of 5 to 8 carbon atoms, cycloalkenylene 
of 5 to 8 carbon atoms, aikenylene of 3 to 18 carbon atoms, alkylene of 1 to 12 carbon atoms 
substituted by phenyl or by phenyl substituted by alkyi of 1 to 4 carbon atoms; 

T is tertiary C4-Ci8alkyl or phenyl, each of which are unsubstituted or substituted by halogen, 
OH, COOR21 or C(0)-R22; or T* is C5-Ci2cycloalkyl; C5-Ci2cycloalkyl which is interrupted by at 
least one 0 or -NRibS a polycyclic alkyI radical having 7-18 carbon atoms, or the same 
radical which is interrupted by at least one 0 or -NR18-; or T is -C(Gi)(G2)-T; or CrCiaalkyi 

O 



or C5-Ci2cycloalkyl substituted by ^ ; 

T is hydrogen, halogen, NO2, cyano, or is a monovalent organic radical comprising 1-50 
carbon atoms; 

or T and T together form a divalent organic linking group completing, together with the 
hindered amine nitrogen atom and the quaternary carbon atom substituted by Gi and G2, an 
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optionally substituted five- or six-membered ring structure; 

"is hydrogen. CCalkyl. phenyl, an alKali metai cation or a tetraalkyian^monium cation; 
R, and Re are hydrogen. C-Calkyl. CCaiky. which is substituted by hydro>^ or. t^en 
together.fon.aC..C.alMene bridge ora^^^^^^^^ 

Rt is hydrogen, Ci-Cisalkyl or Ce-Cioaryi; 

Re is hydrogen. CrCiBalkyi or Ca-Ciehydroxyalkyl; 

ReisCrCizalkyleneoradirectbond; . , ^ oh COOR,, 

R. is CCalkyl or phenyl, which are unsubstituted or subsftuted by haiogen. OH. COOR. 

or C(0)-R22; 

R2, is hydrogen, a alkali metal atom or CrCi6alkyl; and 
Raa is Ci-Ci8alkyl; 



which process comprises 

reacting a N-oxyl amine of formula B 

T 



(B) 



with a hydrocarbon of formula IV or V 

E-H CV) 

H-L-H (V) 
in the presence of an organic hydroperoxide and a catalytic amount of an iod.de. 

,n particular, present invention pertains to a process for the synthesis of a hindered 
amine of formula I or II 




. a 



(I) 
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wherein 

Gi, G2, G3 and G4 independently of each other are CrCiealkyl; Cs-Cisalkenyl; Ca-Cisalkinyl; 
CrCiaalkyI or Cs-Ciaalkenyl or Ca-Cisalkinyl substituted by OH, halogen or a group -O-C(O)- 
Rs; Ca-Ciealkyl which is interrupted by at least one O atom and/or NR5 group; or are C3- 
Ci2cycloalkyl; or Ce-Cioaryl; or Grand G2 and/or G3 and G4 together with the linking carbon 
atom forni a C3-Ci2cycloalkyl radical; 

a is lor 2; 

when a is 1. E is E, wherein E is C1-C36 alkyi; C2-C-18 aikenyl; C2-C18 alkinyi; C5-C18 
cycioalkyi; C5-C-18 cycloalkenyl; a radical of a saturated or unsaturated aliphatic bicyclic or 
tricyclic hydrocarbon of 7 to 12 carbon atoms; C2-C7alkyl or Cs-Cyalkenyl substituted by 
halogen; C7-C15 aralkyi or C7-C15 aralkyi substituted by C1-C4 alkyI or phenyl; or E' is a 
radical of formula (VII) 

^ (VII), wherein 

G5 

- X is phenyl, naphthyl or biphenyl, which are substituted by 1 , 2, 3 or 4 D and optionally 
further substituted by NO2, halogen, amino, hydroxy, cyano, carboxy, CrC4alkoxy, Cr 
C4alkylthio, Ci-C4alkylamino or di(CrC4alkyl)amino; 
D is a group o"'''^'^^^;^ , a group C(0)-Gi3 or a group C(0)-G9-C(0)-Gi3; 
O 

when a is 2, E is L; 

Gs and Ge are independently of each other H or CH3; 
Gg is CrCi2alkylene or a direct bond; 
Gi3 is d-Ciealkyl; 

L is alkylene of 1 to 18 carbon atoms, cycloalkylene of 5 to 8 carbon atoms, cycloalkenyiene 
of 5 to 8 carbon atoms, alkenylene of 3 to 18 carbon atoms, alkylene of 1 to 12 carbon atoms 
substituted by phenyl or by phenyl substituted by alkyI of 1 to 4 carbon atoms; 
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T is a divalent organic radical required to complete fomiula I to form, together with the 
hindered amine nitrogen atom and the two quaternary carbon atoms substituted by Gi and 
G2 or G3 and G4, a five- or six-membered ring structure; 

Ti is hydrogen, halogen, NO2, cyano, -(R9)COOR4, -(R9)C(0)-R7, -ORa, unsubstituted Ci- 
Ciealkyl, Cz-Cisalkenyi, Ca-Cisaikynyi, CrCgphenylalkyl. Cg-Ciacycloaikyl orCa- 
Cisheterocycloalkyl; orTi is Ci-Ci8alkyl, Ca-Ciaalkenyl, C2-C1B alkynyl, Cr-CgphenylalkyI, G3- 
Ci2cycloalkyl or Ca-CiaheterocycloaikyI, which is substituted by NO2, halogen, hydroxy, 
cyano, carboxy, Ci-Gealkanoyl. Ci-Ci2alkoxy; or phenyl, naphthyl, which are unsubstituted or 
substituted by CrC4alkyl, Ci-C4aikoxy, CrG4alkylthio, halogen, cyano, hydroxy, carboxy; or 
Ti is a residue -CH2-O-R10 or -CH2-NR18-R10 or -G(=GH2)-Rii or -C(=0)-Ri2; 

T2 is tertiary C4-Ci8alkyl or phenyl, which are unsubstituted or substituted by halogen, OH, 
COOR21 or C(0)-R22; or T2 is C5-Ci2cycloalkyl; Cs-CiacycloalkyI which is interrupted by at 
least one O; a polycyclic alkyi radical having 7-18 carbon atoms or the same radical which is 



R4 is hydrogen, CrCisalkyl, phenyl, an alkali metal cation or a tetraalkylammonium cation; 

Rs is hydrogen, Ci-Ciealkyl or Ce-Cioaryl 

R7 is hydrogen, Ci-Ciaaikyl or phenyl; 

Re is hydrogen, Ci-Ciaalkyi or Ca-CishydroxyalkyI; 

Rg is Ci-Ci2alkylene or a direct bond; 

R10 is hydrogen, formyl, C2-Ci8alkylcarbonyl, benzoyl, Ci-Ci8alkyl, C5-Gi2cycloalkyl, C5- 
Ciacycloalkyl interrupted by O or NRia. or is benzyl or phenyl which are unsubstituted or 
substituted by halogen, OH, COOR21 or C{0)-R22; 

R11 is OH, Ci-Ci8alkoxy, benzyloxy, 0-C(0)-(Ci-Ci8)alkyl, N(Ri8)2. or a group C(0)R2s; 

Ri2 is OH. O(alkali-metal), Ci-Ci8alkoxy, benzyloxy, N(Ri8)2; 

R18 is d-Cisalkyl or C2-Ci8hydroxyalkyl; 

Rzi is hydrogen, a alkali metal atom or Ci-CiBalkyI; and 

R22 is Ci-CiBalkyl; 

R25 is OH, Ci-Gi8alkoxy. benzyloxy. N(Ri8)2; 



intermpted by at least one O atom; or T2 is -C(Gi)(G2)-Ti; or 




22 
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which process comprises 

reacting a N-oxyl hindered amine of formula ill or lila 

(III) 



'1 N-0. 

t/ 



(Ilia) 



'2 

with a hydrocarbon of fomiula IV or V 

P-H (IV) 
H-L-H (V) 

in the presence of an organic hydroperoxide and a catalytic amount of an iodide. 



In the context of the description of the present invention, the temn alky! comprises, for 
example, methyl, ethyl and the isomers of propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl. de- 
cyl, undecyl and dodecyl. Examples of aryl-substituted alkyi (aralkyi) are benzyl, a- 
methylbenzyl orcumyl. Examples of alkoxy are methoxy, ethoxy, propoxy, butoxy, octyloxy 
etc.. Examples of alkenyl are vinyl and especially allyl. Examples of alkylene including 
alkylidene are ethylene, n-propylene or 1 ,2-propylene. 

Some examples of cycloalkyi are cyclobutyl, cyclopentyl, cyclohexyl, methylcyclopentyl, 
dimethylcyclopentyl and methylcyclohexyl. 

Examples of aryl are phenyl and naphthyl. Examples of substituted aryl are methyl-, 
dimethyl-, trimethyl-, methoxy- or phenyl-substltuted phenyl. 

Some examples of an aliphatic carboxylic acid are acetic, propionic, butyric, stearic acid. An 
example of a cycloallphatic carboxylic acid is cyclohexahoic acid. An example of an aromatic 
carboxylic acid is benzoic acid. An example of a phosphorus-containing acid is 
methylphosphonic acid. An example of an aliphatic dicarboxylic acid is malonyl. maleoyi or 



PCT/EP02/12957 

WO 03/(M5919 

-11 - 



suodnyl, or sebacio aCd. An example of a residue of an a^maBc dicarboxylic acid is 
phthaloyl. 

A aroUD heteraoydoalkyl or heterooydoalker,yl embraces one or Mo heteroatoms, and a 

wnloally oxirane, 1 ,4.«oxane, tetrahydmfuran, vbutyroiaclona, e-caprolactam, ox,m a, 
rZ^Lndir., pyrr^e, pyrro„*e, «opben, .uran, pyra^Ce. ,m«a.o,e, oxa^ia, 
oxazolldlna, thiazde, pyran, thlopyran, plperidine or morpholine. 

An example ol a monovalent sllyl radical is trimelhylsilyl. 

Polycy.. m ra<fK=.s ^ may .so be interrupted by a, leas, one o^^ -^ 
au.m are for example adamantane, cubane, .^.tane, no*omane, bycyclop-a^cane 

bycyclo[35.1loCane, hexametttylentetramine (un>tropine) or a group 
P-^ CH, 





3 

o- 



(-CO)n-R", Wherein n is tlie valency, e.g. 2, 3, 4, 5 or d. oof. w 
residues are given eisewliere. 

,„ p^ferred product of tbe ins«nt p^cess, r is se^ ^ consls«ng of 
-CH^aryl, H,C-"^-ar. , -OH^H^. H^-^j-a,. ■ (C.C^--M).OCN, ,C,- 
r- n rcN OH=CH-CH, (C,-C,.)all<yK;R»-C(OMC,-0>=)alKyl. (CrCdalM-CR^-OJO)- 
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CR30-CO-NH2, -CH2CH=CH-CH3, -CH2-C(CH3)=CH2. -CH2-CH=CH-phenyl, . ^CH , 




, Wherein 



R30 is hydrogen or Ci-Ci2alkyl; 

the aryl groups are phenyl or naphthyl, which are unsubstituted or substituted with d- 
Ci2all<yl, halogen, Ci-Ci2alkoxy, fomiyl, Ca-Ciaalkylcarbonyi, glycidyloxy, OH, -COOH or- 
C00Ci-Ci2alkyl . More preferably is selected from the group consisting of 
-CH2-phenyI, CHsCH-phenyl, (CH3)2C-phenyl, (Cs-CecycloalkyOaCCN, (CH3)2CCN, 
-CH2CH=CH2, CHsCH-CHsCHg (Ci-C8alkyl)CR3o-C(0)-phenyl, (Ci-C8)alkyl-CR3o-C(0)-{Cr 
C8)alkoxy, (Ci-Ce)alkyl-CR3o-C(0)-(CrC8)aikyl, (CrC8)alkyl-CR30-C(O)-N-di(CrC8)alkyl. (Ci- 
C8)alkyl-CR3o-C(0)-NH(Ci-CB)alkyl, (Ci-C8)alkyl-CR30-C(O)-NH2. (Ci-Cia)alkyl-CR3o-CN, 
wherein R30 is hydrogen or (CrC8)alkyL 

Gi and G2 and/or G3 and G4 fonning, together with the linking carbon atom, a C3- 
Ci2cycloalkyl radical, preferably torn a C5-Ci2cycloalkyl radical, especially cyclopentylene, 
cyclohexylene or cycloheptylene. 

Gi, G2, G3 and G4 independently are preferably alkyi of 1 to 4 carbon atoms, or the 
adjacent radicals Gi and Gg and/or G3 and G4 together are pentamethylene. More preferably, 
Gi, G2, G3 and G4 independently are methyl or ethyl or propyl, especially methyl or ethyl. In 
the products most preferred, Gi and Gs are each methyl while G2 and G4 independently are 
methyl, ethyl or propyl. 

T usually is an organic linking group containing 2-500 carbon atoms and forming, 
together with the carbon atoms it is directly connected to and the nitrogen atom, a 
substituted, 5-, 6 or 7-membered cyclic ring structure; T is preferably a C^-Csoohydrocarbon 
optionally containing 1-200 hetero atoms selected from nitrogen, oxygen, phosphorus, sulfur, 
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silicon and halogen. T therein can be part of a 6-membered cyclic ring structure. More 



'2 

r 



preferably, T is an organic linking group of the formula (VI), wherein 

E2 is -CO- or -(CH2)b-, while b is 0, 1 or 2; 

El is a carbon atom carrying the two residues R24 and R25. or is >N-R25. or is oxygen, and R24 
and R25 are hydrogen or an organic residue, characterized in that the linking group T in total 
contains 2-500 carbon atoms and forms, together with the carbon atoms it is directly 
connected to it and the nitrogen atom, a substituted. 5-. 6 or 7-membered cyclic ring 
structure, or wherein R24 and Ras together are =0 or wherein R24 is hydrogen and R25 is 
hydrogen or hydroxy. T is most preferably 2-hydroxy-1 .3-propanediyl or 2-oxo-1 ,3- 
propanediyi. 

Preferred products of the formula (I) are those wherein Gi . G2, G3 and G4. independently of 
each other, are methyl, ethyl, phenyl or COOR4; 

E is a carbon centered radical formed from a CrC„phenylalkane or a Ce-Ciopyridylalkane; or 
C5-Ci2cycloalkane; or CrCiacycloalkene; or an oxacyclohexane or oxycyclohexene; or C3- 
Csalkene; or CrCealkene substituted by phenoxy; or a benzene which is substituted by d- 
C4alkyl and a further substituent selected from CrC4alkoxy. glycidyl or giycidyloxy; or E is a 
radical of formula (VIII) 

Ggg 

; ^ (VIII). Wherein 



G 



'55 



Ar is Ce-Cioaryl or Cs-Cgheteroaryl; 

Gu is CrC4alkyl or an acyl radical of an aliphatic carboxylic acid containing 2 to 4 carbon 
atoms or benzoyl; 

Gss is H.CH3 or phenyl; n r • 

Gee is -CN or a group of the fomnula -COOR4 or -OH2-u-^ai4, 

R4 is hydrogen or Ci-CsalkyI; 

L is a carbon centered radical fonned from propane, butane, pentane, 2.2-dimethyl-propane, 
xylene; and 
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T is phenylene or an organic linking group of tlie formula (VI), wherein 

Eg is -CO- or -(CH2)b-, while b is 0, 1 or 2; 

El is a carbon atom canying the two residues R24 and R25, or is >N-R25, or is oxygen, and R24 
and R25 are hydrogen or an organic residue, characterized in that the linking group T in total 
contains 2-500 carbon atoms and fomris, together with the carbon atoms it is directly 
connected to it and the nitrogen atom, a substituted, 5-, 6 or 7-membered cyclic ring 
structure, or wherein R24 and R25 together are =0 or wherein R24 is hydrogen and R25 is 
hydrogen or hydroxy; 
or El and E2 together are 1,2-phenylene. 

The product of formula A most preferably corresponds to one of the formulae 
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Rii 



-G4 (xin). 



(XIV) 



: G e. an. .ndependenS, a, each o«»r a« C-C„a,W C=^...^e„.; C,^-.^^ Vl. 
0 0 alM or C3^,.^Keny, or Ca^^Mnyl subs«..ted by OH, halogen or a group 00(0^- 
1^ - inLpted h, 0; Ce<=.^M; or pheny,. or G. and ^or G, 
and Q. toge^er w«h me linWng oarbon alom fom, a C^^toalM rad^^ 

claJnyl which are eubatlMed by one or more OH, halogen or a group -O^^O)-^-^ 

crjwHlch,s,n«rrup.edbya.leae.o„eOa».n^orNR.gro^^^^^^^^ 

clarj, CHD^hen^aW, Ce-C,^e«roa,yl, MOyO,^,^. -0-0^..a*yl or -COOC, 

qIs* direc bond or a av^em ra,^ CR.R„ CR.R,rCR„R«, CR.R,.CR.,R,^R,.R,.. 
C(0) or CR9RioC(0); 

R., R,. R,„ R«. R« and B,. are Independently hydrogen, phenyl, or C,.C„alkyl; 

T- rH C(R «r^h:H, wherein R« and R,, together are =0 or independently are H, OH 

"^^l*e c aractertzed In «,a. the iin*g g^p T m total contains 2-600 carbon 
:rr::Xrhe.eroa.n«se^ed,ro.,o.gen,phospho.^^ 

halogen and tertiary nitrogen. 

The aterlcally hindered am^oxides, ^so referred .0 ae N-oxyl educte for the instant proceee 
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which include compounds of formulae B, III or Ilia, are largely known in thaart; tliey may be 
prepared by oxidation of the corresponding N-H hindered amine with a suitable oxygen 
donor, e.g. by the reaction of the corresponding N-H hindered amine with hydrogen peroxide 
and sodium tungstate as described by E. G. Rozantsev et al., in Synthesis, 1971 . 192; or 
with tert-butyl hydroperoxide and molybdenum (VI) as taught In United States Patent No. 
4,691 ,015, or obtained in analogous manner. 

The preferred amount of hydrocarbon for the instant process depends to some 
extent on the relative number of reactive hydrogens on the hydrocarbon reactant and the 
hindered amine nitroxyl compound. The reaction is typically carried out with a ratio of 1 to 
100 moles of hydrocarbon per mole of nitroxyl moiety with the preferred ratio being 1 to 50 
moles per mole of nitroxyl moiety, and the most preferred ratio being 1 to 30 moles of 
hydrocarbon per mole of nitroxyl moiety. 

The preferred amount of organic hydroperoxide is 1 to 20 moles per mole of nitroxyl 
moiety, with the more preferred amount being 1 to 5 moles of peroxide per mole of nitroxyl 
moiety and the most preferred amount being 1 to 3 moles of peroxide per mole of nitroxyl 
moiety. 

The organic hydroperoxide used in the process of present invention can be of the 
formula R-OOH, wherein R usually is a hydrocarbon containing 1-18 carbon atoms. The 
organic hydroperoxide preferably is a peroxoalcohol containing 3-18 carbon atoms. R is often 
aliphatic, preferably Ci-Ci2alkyl. Most preferred organic hydroperoxide is tert.butyl 
hydroperoxide. 

The preferred amount of iodide catalyst is from about 0.0001 to 0.5, especially 
0.0005 to 0.1 molar equivalent per mole of nitroxyl moiety, with a ratio of 0.001 to 0.05 moles 
of iodide per mole of nitroxyl moiety being the most preferred. 

The reaction is preferably run at 0° to 100°C; more preferably at 20° to 100°C, 
especially in the range 20-80^C. 

More specifically, the instant process involves the reaction of a mixture of 1 to 100 moles of 
the hydrocarbon, e.g. of formula IV or V, 1 to 20 moles of organic hydroperoxide, and 0.001 
mmoles to 0.5 moles of Iodide catalyst per mole of N-oxyl compound, such as the compound 
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of formula B (1 mmol is 0.001 mol). Preferably, the molar ratio of iodide catalyst per mole of 
N-oxyl compound is in the range from 1:100 to 1:100000. especially 1 :300 to 1:100000. 

E is preferably a carbon centered radical formed from a CrCiiphenylalkane or a Ce- 
Copyridylalkane: or CrCacycloalkane; or Ca-Cacycloalkene; or an oxacyclohexane or 
oxycyclohexene: or Ca-Csalkene; or Cs-Cealkene substituted by phenoxy: or a benzene which 
is substituted by CrC4alkyl and a further substituent selected from CrC4alkoxy. glycidyl or 
glycidyloxy; or E is a radical of fomnula (VIII) 

(VIII), wherein 



Ar is Ce-Cioaryl or CrCgheteroaryl; 

Gu is CrC^alkyl or an acyl radical of an aliphatic carboxyllc acid containing 2 to 4 carbon 
atoms or benzoyl; 

is "cN 5^9?^ of the fomnula -COOR4 or -CHrO-Gui 
R4 is hydrogen or Ci-Csallcyl; 

L is a carbon centered radical fomied from propane, butane, pentane. 2.2-dimethyl-propane. 
xylene. 

Important are those educts. which are pure hydrocarbons. 

The educt hydrocarbon, such as compound of formula IV or V. may serve two functions both 
as reactant and as solvent for the reaction. The reaction can also be carried out using an 
inert organic or inorganic solvent. A mixture of products may result if the hydrocarbon 
contains non-equivalent carbon-hydrogen bonds which are reactive in the instant process. 
For example, cyclohexane can give only one product whereas isopentane can give three ■ 
distinct reaction products. 

Usually the hydrocarbon reactand. e.g. compound of formula IV or V. reacts with its most 
active aliphatic carbon-hydrogen bond. 

A solvent may be used, especially If the hydrocarbon, such as the compound of of fomiula IV 
or V. is a solid at the temperature of the reaction or if the catalyst is not very soluble m the 
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hydrocarbon. Inert solvents should have less active carbon-hydrogen bonds; typical inert 
solvents are acetonitrile, aromatic hydrocarbons like benzene, chlorobenzene, CCI4, alcohols 
(e.g. methanol, ethanol. ethylene glycol, ethylene glycol monomethyl ether), or. especially for 
reactions with activated hydrocarbons like alkylated aromats or alkenes. also alkanes like 
hexane. decane etc.. or mixtures thereof. Inorganic solvents such as water are possible as 
well. The reaction can be carried out in one liquid phase or in separate phases. 

Good results can be achieved when phase transfer catalysts such as quaternary ammonium 
or phosphonium salts are used. For example, quaternary ammonium or phosphonium 
halogenides such as chlorides or bromides may be employed for this purpose. The structure 
of the ammonium or phosphonium cation is less important; usually, quaternary ammonium or 
phosphonium cations contain 4 hydrocarbon residues bonded to the central nitrogen or 
phosphoms atom, which may be. for example, alkyl. phenylalkyl or phenyl groups. Some 
readily available materials are tetra-Ci-Ci2aikylated. 

The Iodide catalyst may be selected from any iodide compound, including organic and 
inorganic iodide compounds. Examples are alkaline or alkaline earth metal iodides, or on.um 
iodides such as ammonium or phosphonium or sulfonium iodides. Suitable metal iodides are, 
inter alia, those of lithium, sodium, potassium, magnesium or calcium. 

Especially good results can be achieved when onium iodides are used which are soluble in 
organic solvents. Suitable onium iodides embrace quaternary ammonium , phosphonium or 
sulfonium iodides. The stmcture of the onium cation is less important provided the solub.hty 
in organic solvents is high enough; the latter can be increased by increasing the 
hydrophobicity of the hydrocarbon residues attached to the onium cation. Some readily 
available materials are tetra-C,-C«alkylated ammonium iodides and/or the following 
compounds: 

Tetrabutylammonium iodide; 
Tetraoctylammonlum iodide; 
Tetra(hexadecyi)ammonium iodide; 
Tetradodecylammonium iodide; 
Tetrahexylammonium iodide; 
Di-octadecyl-dimethyl-ammonium iodide; 
Hexadecyl-benzyl-dimethyl-ammonium iodide; 
Tributyl-metliyl-ammonium iodide'^^; 
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Di-tetradecyl-dimethyl-ammonium iodide; 
Trioctyl-propyl-ammonium iodide; 
Octyl-benzyl-dimethyl ammonium iodide; 
Trioctylmethylammonium lodide^^; 
Hexadecylpyridlnium iodide; 
Dioctyl-dimethyi-ammonium iodide; 
Octyl-trimetfiylammonium iodide; 
Tetraethyl ammonium iodide; 
Dioctyl-methyl sulfonium iodide; 
Tetraplienyiphospiionium iodide; 
Triphenyl-lsopropyl phospiionium iodide; 
Triplienyletliylphosphonium iodide; 
Triphenylhexyl phosphonium iodide; 
Tetrabutyl pliospfionium iodide; 
Tributyl-liexadecyl pliosphonium iodide; 
Tetraoctyl phospiionium iodide; 
Triphenylmethyl phospiionium iodide; 

Diphenyl-dimethyi-phosphonium iodide; 

Tetraethylphosphonium Iodide; 

Phenyl-trimethyl-phosphonium iodide; 

Triphenyl-(CH2C02CH3)phosphonium iodide; 

Triphenylbenzylphosphonium iodide. 

A) iodide fomi of ALIQUAT® 175 

B) iodide form of ALIQUAT® 336 

In a preferred embodiment, the iodide catalyst functions the same time as a phase transfer 
catalyst, e.g. when a quaternary ammonium or phosphonium iodide such as 
tetrabutyiammoniumiodide is used as catalyst. These compounds are known, many are 
commercially available. 

The onium iodides can be generated from any other onium salt (e.g.. hydroxide, sulfate, 
hydrogensulfate, fluoride, acetate, chloride, cyanide, bromide, nitrate, nitrite, perchlorate etc.) 
via insitu anion exchange using a watersoluble inorganic iodide such as alkaline or alkaline 
earth metal iodides, other iodine containing salts or elemental iodine. For example. 
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commercial onium chlorides of the ALIQUAT® series may conveniently be brought into the 
above iodide form by in situ anion exchange. 

The onium iodides can be bound to an organic or inorganic polymer bac!<bone, rendering a 
homogeneous or heterogenous catalytic system. 

Preferably, the pH of the aqueous phase, if present, is held between 7 and 11 , especially 
between 9 and 1 0, most preferably at 9 during the reaction. 

Preferred are quaternary ammonium or phosphonium iodides, especially tetraall<y] 
ammonium iodides. 

The instant process can be run in air or in an inert atmosphere such a nitrogen or 
argon. The instant process can be run under atmospheric pressure as well as under reduced 
or elevated pressure. Elevated pressure can especially be useful in reactions with a 
hydrocariDon, which is gaseous under atmospheric pressure and the reaction temperature; in 
this case, pressure/temperature conditions are advantageous where the hydrocarbon fomns 
a liquid phase or is at least partially dissolved in a suitable solvent. 

There are several variations of the instant process. One variation involves the 
addition of a solution of organic hydroperoxide to a mixture of the N-oxyl hindered amine, the 
hydrocarbon and cosolvent (if used), and catalyst which has been brought to the desired 
temperature for reaction. The proper temperature may be maintained by controlling the rate 
of peroxide addition and/or by using a heating or cooling bath. After the hydroperoxide is 
added, the reaction mixture is conveniently stinted till the starting N-oxyl, e.g. compound of 
formula III. has disappeared or is no longer being converted to the desired product, e.g. 
compound of formula I and/or IL The reaction can be monitored by methods known in the art 
such as UV-Vis spectroscopy, thin layer chromatography, gas cliromatography or liquid 
chromatography. Additional portions of catalyst can be added while the reaction is in 
progress. After the initial hydroperoxide charge has been added to the reaction mixture, more 
hydroperoxide can be added dropwise to bring the reaction to completion. 

A second variation of the instant process is to simultaneously add separate 
solutions of the hydroperoxide and the nitroxyl compound to a mixture of the hydrocariDon, 
cosolvent (if used) and catalyst. The nitroxyl compound may be dissolved in water or the 
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alcohol solvent used in the reaction. Some of the nitroxyl compound may be introduced into 
the reaction mixture prior to starting the peroxide addition, and all of the nitroxyl compound 
should be added prior to completing the peroxide addition. 

Another variation of the instant process involves the simultaneous addition of 
separate solutions of the hydroperoxide and of the aqueous or alcohol solution of the catalyst 
to a mixture of the nitroxyl compound, hydrocarbon, and cosolvent (if used). Some of the 
metal may be introduced into the reaction mixture prior to starting the peroxide addition. 

Still another variation of the instant process is the simultaneous addition of separate 
solutions of the hydroperoxide, of the aqueous or alcohol solution of the nitroxyl compound, 
and of an aqueous or alcohol solution of the catalyst to the hydrocarbon and cosolvent (if 
used) A portion of the nitroxyl compound and/or catalyst may be introduced into the reaction 
mixture prior to starting the hydroperoxide addition. All of the nitroxyl compound should be 
added prior to completing the hydroperoxide addition. 

At the end of the reaction, the residual hydroperoxide should be carefully 
decomposed prior to the isolation of any products. 

Examples for compounds which can be obtained advantageously with the process of present 
invention are those of formulae 1-28: 



(1) 




g/ss (2) 



H 
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R, — (CH,)— (O)-Si— (0)— (CH,)— R,, 



(CH,) 



k 



6 



^2 N ^2 

o 



(28) 



wherein in formulas (1) to (15): 
misOorl; 

Ri is hydrogen, hydroxy! or hydroxymethyl; 

R2 is hydrogen, alky! of 1 to 12 cart)on atoms or alkenyl of 2 to 12 carbon atoms; 
n is 1 to 4; 



when n is 1 , 

R3 is alkyi of 1 to 18 carbon atoms, alkoxycarbonylaikylenecarbonyl of 4 to 18 carbon 
atoms, alkenyl of 2 to 18 carbon atoms, glycidyl, 2,3-dihydroxypropyl, 2-hydroxy or 2- 
(hydroxymethyl) substituted aikyi of 3 to 12 carbon atoms which alkyI is intenxipted by 
oxygen, an acyl radical of an aliphatic or unsaturated aliphatic carboxylic or carbamic acid 
containing 2 to 18 carbon atoms, an acyl radical of a cycloaliphatic carboxylic or carbamic 
acid containing 7 to 12 carbon atoms, or acyl radical of an aromatic acid containing 7 to 15 
carbon atoms; 

when n is 2, 

R3 is alkylene of 2 to 1 8 carbon atoms, a divalent acyl radical of an aliphatic or 
unsaturated aliphatic dicarboxylic or dicarbamic acid containing 2 to 18 carbon atoms, a 
divalent acyl radical of a cycloaliphatic dicarboxylic or dicarbamic acid containing 7 to 12 
carbon atoms, or a divalent acyl radical of an aromatic dicarboxylic acid containing 8 to 15 
carbon atoms; 
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whennlsS, . 

R3 is a trivalent acyl radical of an aliphatic or unsaturated aliphatic tncarboxyl>c acd 
containing 6 to 18 carbon atoms, or a trivalent acyl radical of an aromatic tricarboxylic ac.d 
containing 9 to 15 carbon atoms; 

when n is 4, 

R3 is a tetravalent acyl radical of an aliphatic or unsaturated aliphatic tetracarboxyhc 
acid, especially 1.2,3.4.butanetetracarboxylio acid. i.2,3.4.but-2-enetetracarbo,^lic acid 
1 2 3 5.pentanetetracarboxylic acid and 1 .2,4.5-pentanetetracarboxylic acid, or R3 .s a tetra- 
valent acyl radical of an aromatic tetracarboxylic acid containing 1 0 to 1 8 carbon atoms; 

^te hydrogen, alkyi of 1 to 18 carbon atoms or acyl of 2 to 6 carbon atoms: 
when p Is 1 , 

R, is hydrogen, alkyl of 1 to 18 carbon atoms, an acyl radical of an aliphatic or 
unsaturated aliphatic carboxylic or cart^amic acid containing 2 to 1 8 carbon atoms; an acyl 
radical of a cycioaiiphatic carboxylic or carbamic acid containing 7 to 12 carbon atoms, an 
acyl radical of an aromatic carboxylic acid containing 7 to 15 carbon atoms, or R. and Rs 
together are .(CH3)5CO-. phthaloyl or a divalent acyl radical of maleic acid; 

when pis 2, 

R, is alkylene of 2 to 1 2 carbon atoms, a divalent acyl radical of an aliphatic or 
unsaturated aliphatic dicarboxylic or dicarbamic acid containing 2 to 18 carbon atoms, a 
divalent acyl radical of a cyclo^iphatic dicarboxylic or dicarbamic acid containing 7 to 12 
carbon atoms, or a divalent acyl radical of an aromatic dicarboxylic acid containing 8 to 15 
carbon atoms; 

when pis 3, , r^^^sw 

is a trtvalent aort radical of an aliphatic or unsawrated allphaUo tnoa.box,l.c ao,d 
conWning 6 to 18 carbon ato.T«, or a trlvalant acyl radical of an aromaBc tHcarboxylK. aCKi 
containing 9 to 15 carbon atoms; 



when n is 1, 
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Re is alkoxy of 1 to 18 carbon atoms, alkenyloxy of 2 to 18 carbon atoms. -NHalkyI of 1 
to 18 carbon atoms or -N(alkyl)2 of 2 to 36 carbon atoms, 

when n is 2, 

Re is alkylenedioxy of 2 to 1 8 carbon atoms, alkenylenedioxy of 2 to 1 8 carbon atoms, - 
NH-alkylene-NH- of 2 to 18 carbon atoms or -N(alkyl)-alkylene-N(alkyl)- of 2 to 18 carbon 
atoms, or Re is 4-methyl-1 ,3-phenylenediamino, 

when n is 3, 

Re is a trivalent alkoxy radical of a saturated or unsaturated aliphatic triol containing 3 
to 18 carbon atoms, 

when n is 4, 

Re is a tetravalent alkoxy radical of a saturated or unsaturated aliphatic tetraol 
containing 4 to 1 8 carbon atoms, 

Ry and Rs are independently chlorine, alkoxy of 1 to 18 carbon atoms, -0-Ti, amino 
substituted by 2-hydroxyethyI, -NH(alkyl) of 1 to 18 carbon atoms, -N(alkyl)Ti with alkyi of 1 
to 18 carbon atoms, or -N(alkyl)2 of 2 to 36 carbon atoms, 

Rg is oxygen, or Rg is nitrogen substituted by either hydrogen, alkyI of 1 to 12 carbon 
atoms or Ti 
Ti is 




Rio is hydrogen or methyl, 



q is 2 to 8, 



Rii and Ri2 are independently hydrogen or the group T2 
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N'^ N 
N N N ^ 



I 

O 



\ 



Ox 



E 



E 



Ri3 is hydrogen, phenyl, straight or branched alkyi of 1 to 12 carbon atoms, alkoxy of 1 
to 12 carbon atoms, straight or branched alkyl of 1 to 4 carbon atoms substituted by phenyl, 
cycloalkyi of 5 to 8 carbon atoms, cycioalkenyl of 5 to 8 carbon atoms, alkenyl of 2 to 12 
carbon atoms, glycidyl, allyioxy, straight or branched hydroxyalkyl of 1 to 4 carbon atoms, or 
silyl or silyloxy substituted three times independently by hydrogen, by phenyl, by alkyl of 1 to 
4 carbon atoms or by alkoxy of 1 to 4 carbon atoms; 

Ri4 is hydrogen or silyl substituted three times independently by hydrogen, by phenyl, 
by alkyl of 1 to 4 carbon atoms or by alkoxy of 1 to 4 cartwn atoms; 

d Is 0 or 1 ; 
h is 0 to 4; 
k is 0 to 5; 
X is 3 to 6; 



y is 1 to 10; 

z is an integer such that the compound has a molecular weight of 1000 to 4000 amu. 
e.g. z may be from the range 3-10; 
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Ri5 is morpholino, piperidino, 1-piperizinyl, alkylamino of 1 to 8 carbon atoms, 
especially branched alkylamino of 3 to 8 carbon atoms such as tert-octylamino, -N(alkyl)Ti 
with alkyi of 1 to 8 carbon atoms, or -N(alkyl)2 of 2 to 16 carbon atoms. 

Ri6 is hydrogen, acyl of 2 to 4 carbon atoms, carbamoyl substituted by alky! of 1 to 4 
carbon atoms, s-triazinyl substituted once by chlorine and once by R15, or s-triazinyl 
substituted twice by R15 with the condition that the two R15 substituents may be different; 

Ri7 is chlorine, amino substituted by alkyI of 1 to 8 carbon atoms or by Ti, -N(alkyl)Ti 
with alkyI of 1 to 8 carbon atoms, -N(alkyl)2 of 2 to 16 carbon atoms, or the group T3 




R18 is hydrogen, acyl of 2 to 4 carbon atoms, carbamoyl substituted by alky! of 1 to 4 
carbon atoms, s-triazinyl substituted twice by -N(alkyl)2 of 2 to 16 carbon atoms or s-trlazinyl 
substituted twice by -N(alkyl)Ti with alkyI of 1 to 8 carbon atoms; 

in formulas (16) to (28), Ri, R2, R7, Re, R9, R10, R13, Ri4, cl,h, k, m, q, and Ti have the 
same meanings as in formulas (1) to (15); 

Ri9 is hydrogen, alkyI of 1 to 18 carbon atoms, alkenyl of 2 to 18 carbon atoms, 
glycidyl, 2,3-dihydroxypropyl, 2-hydroxy or 2-(hydroxymethyl) substituted alkyI of 3 to 12 
carbon atoms which alkyI is interupted by oxygen, an acyl radical of an aliphatic or 
unsaturated aliphatic carboxylic or carbamic acid containing 2 to 18 carbon atoms, an acyl 
radical of a cycloaliphatic carboxylic or carbamic acid containing 7 to 12 carbon atoms, or 
acyl radical of an aromatic acid containing 7 to 15 carbon atoms; 

Rao is alkylene of 2 to 18 carbon atoms, a divalent acyl radical of an aliphatic or 
unsaturated aliphatic dicarboxylic or dicarbamic acid containing 2 to 18 carbon atoms, a 



I 
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divalent acyl radical of a cycloaliphatic dicarboxylic or dicarbamic acid containing 7 to 12 
carbon atoms, or a divalent acyl radical of an aromatic dicarboxylic acid containing 8 to 15 
carbon atoms; 

R21 is hydrogen, aikyl of 1 to 18 carbon atoms or acyl of 2 to 6 carbon atoms; 

R22 is hydrogen, alkyl of 1 to 18 carbon atoms, an acyl radical of an aliphatic or 
unsaturated aliphatic carboxylic or carbamic acid containing 2 to 1 8 carbon atoms, an acyl 
radical of a cycloaliphatic carboxylic or carbamic acid containing 7 to 12 carbon atoms, an 
acyl radical of an aromatic carboxylic acid containing 7 to 15 carbon atoms, or R4 and Rs 
together are -(CH2)sC0-. phthaloyi or a divalent acyl radical of maieic acid; 

R23 is hydrogen, alkyl of 1 to 4 carbon atoms or acyl of 2 to 6 carbon atoms; 

R24 is alkylene of 2 to 1 8 carbon atoms, a divalent acyl radical of an aliphatic or 
unsaturated aliphatic dicarboxylic or dicarbamic acid containing 2 to 18 carbon atoms, a 
divalent acyl radical of a cycloaliphatic dicarboxylic or dicarbamic acid containing 7 to 12 
carbon atoms, or a divalent acyl radical of an aromatic dicarboxylic acid containing 8 to 15 
carbon atoms; 

R25 is alkoxy of 1 to 18 carbon atoms, alkenyloxy of 2 to 18 carbon atoms. -NHalkyl of 1 
to 1 8 carbon atoms or -N(alkyl)2 of 2 to 36 carbon atoms. 

R26 is alkylenedioxy of 2 to 18 carbon atoms, alkenylenedioxy of 2 to 18 carbon atoms. 
-NH-alkylene-NH- of 2 to 18 carbon atoms or .N(alkyl)-alkylene-N(alkyl)- of 3 to 18 carbon 
atoms. 

E is a carbon centered radical fomied preferably from a CrCuphenylalkane, 
especially toluene, ethylbenzene. isopropylbenzene; or CrCiacycloalkane. especially 
cyclohexene; or Cs-C^cycioalkene. especially cyclohexene; or C^-Cealkene, especially 
propane; or a benzene which is substituted by CrC4alkyl and a further substituent selected 
from Ci-C4alkoxy, glycidyl or glycidyloxy. 

L is a carbon centered radical fomned preferably from propane, butane, pentane. 
2.2-dimethyl-propane. xylene, diethylbenzene. 
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Preferably, the reaction site in the compound E-H or H-L-H is an activated carbon- 
hydrogen bond, whose carbon, for example, is linl<ed to an electron pushing functional group 
or a functional group able to stabilize the radical fonned after cleavage of the carbon- 
hydrogen bond. Electron withdrawing groups, if present in E-H or H-L-H, are preferably not 
directly linked to the reactive site. 

Products of the present process can be employed with advantage for stabilizing organic 
material against the damaging effect of light, oxygen and/or heat, especially for stabilizing 
synthetic organic polymers or compositions containing them. They are notable for high 
thermal stability, substrate compatibility and good persistence In the substrate. 

The compounds made by the instant process are particularly effective in the stabilization of 
polymer compositions against harmful effects of light, oxygen and/or heat; they are also 
useful as initiators or regulators for radical polymerization processes which provide 
homopolymers, random copolymers, block copolymers, multiblock copolymers, graft 
copolymers and the like, at enhanced rates of polymerization and enhanced monomer to 
polymer conversions. 

Of particular interest is the use of products of the present process as stabilizers in synthetic 
organic polymers, for example a coating or a bulk polymer or article formed therefrom, 
especially in thenrnoplastic polymers and corresponding compositions as well as in coating 
compositions. Thermoplastic polymers of most importance in present compositions are 
polyolefines and their copolymers, thermoplastic polyolefin (TPO), fhemioplastic polyurethan 
(TPU), thermoplastic rubber (TPR), polycarbonate, such as in item 19 above, and blends, 
such as in item 28 above. Of utmost importance are polyethylene (PE), polypropylene (PP), 
polycarbonate (PC) and polycarbonate blends such as PC/ABS blends, as well as in acid or 
metal catalyzed coating compositions. 

In general the products of present invention may be added to the material to be stabilized in 
amounts of from 0.1 to 1 0 %, preferably from 0.01 to 5 %, in particular from 0.01 to 2 % 
(based on the material to be stabilized). Particular preference is given to the use of the novel 
compounds in amounts of from 0.05 to 1 .5 %, especially from 0.1 to 0.5 %. Where 
compounds of present invention are used as flame retardants, dosages are usually higher, 
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e.g. 0.1 to 25 % by weight, mainly 0.1 to 1 0 % by weight of the organic material to be 
stabilized and protected against inflammation. 

Used in polymerizable compositions as a polymerization regulator or initiator, preferably the 
regulator/initiator compound is present in an amount of from 0.01 mol-% to 30 mol-% , more 
preferably in an amount of from 0.1 mol-% to 20 mol-% and most pretended in an amount of 
from 0.5 moi-% to 1 0 mol-% based on the monomer or monomer mixture. 

The following examples are for illustrative purposes only and are not to be construed to limit 
the instant invention in any manner whatsoever. Percentages given are usually percent by 
weight if not othenvise indicated. Abbreviations used: 
mln. minutes; 

HPLC high pressure liquid chromatography; 

GC gas chromatography; 

Bu butyl; 

Ph phenyl; 

Me methyl; 

Oct octyl; 

Hex hexyl; 

Et ethyl; 

Bz benzyl; 

Py . 1-pyrldinium; 

TEMPO 2,2,6,6-tetramethylpiperidine-N-oxide; 

eq. equivalent (of nitroxide, If not othenwise indicated). 

Example 1 : Preparation of the compound of formula \— / q-U 



To a stirred mixture of 5g (32 mmol) 2,2.6.6-tetramethylpiperidine-N-oxide (TEMPO), 34 g 
(320 mmol) of ethylt)enzene and 0.12 g (0.32 mmol) of tetrabutylammoniumiodide. 6.2 g (48 
mmol) of t-butylhydroperoxid (70% aqueous solution) are added at eO'C within 30 minutes. 
The temperature is maintained at eO'C for 25 minutes until all of the TEMPO has reacted. 
The reaction mixture is cooled down to 25"C and stin-ed with'61 g of an aqueous solution of 
NaaSOa (10%) until the disappearance of excess t-butylhydroperoxide. The aqueous phase 
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is then separated and washed with ethy^benzene. The combined organic phases are washed 



with brine, dried over l\/lgS04, filtered, and the soivent is distilled off on a rotary-evaporator. 
The cmde product is purified by flash-chromatography (silica gel, hexane : ethylacetate 9 : 
1), yielding 5 g (60 % of theory) of a yellow oil. Analysis required for C17H27NO (261.41): C 
78.11%, H 10.41%, N 5.36%; found: C 78.04%, H 10.46%, N 5.26%. ^H-NIVIR (CDCI3), 8 
(ppm): 0.66 (broad s, 3H). 1.03-1.52 (m, 15H), 1.48 (d, J = 8H2, 3H), 4.78 (q, J = 8Hz, 1H), 
7.21-7.33 (m, 5H). 

Example 2! Example 1 is repeated except that 32 mmol of 2,2,6,6-Tetramethylpiperidine-N- 
oxide are replaced by the equivalent amount of 2,2,6,6-Tetramethylpiperidine-4-one-N-oxide, 



A stin-ed mixture of 0.5g (3.2 mmol) TEMPO, 1.14 g (6.4 mmol) of 2-(4-ethyl-phenoxymethyl)- 
oxirane, 0.0118 g (0.032 mmol) of tetrabutylammoniumiodlde and 0.62 g (4.8 mmol) of t- 
butylhydroperoxld (70% aqueous solution) is brought to 60»C. The temperature is maintained 
at 60''C for 4 hours until all of the TEMPO has reacted. The reaction mixture is cooled down 
to 25''C and stirred with 20g of a 10% aqueous Na2S03 solution until the disappearance of 
excess t-butylhydroperoxide. The aqueous phase is then separated and washed with 
ethylbenzene. The combined organic phases are passed through a plug of silica gel, washed 
with brine, dried over MgS04, filtered and the solvent distilled off on a rotary-evaporator, 
yielding 0.9 g of a colorless oil. Quantitative HPLC-analysis reveals a product-concentration 
of 65% w/w, corresponding to an overall yield of 54.8%. 'H-NMR (CDCI3), 5 (ppm; 2-(4-Ethyi- 
phenoxymethyl)-oxirane not shown): 0.63 (broad s. 3H), 1.01-1.56 (m, 15H), 1.45 (d, J = 
8Hz, 3H), 2.75-2.76 (m. 1H), 2.89-2.91 (m, 1H), 3.34-3.36 (m, 1H), 3.95-3.99 (m, 1H), 4.17- 
4.21 (m, 1H), 4.73 (q, J = 8H2. 1H), 6.84-6.88 (m, 2H), 7.21-7.26 (m. 2H). 



yielding a compound of fomiula 




Example 3 : Preparation of a compound of formula 
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ExamE!e4: Preparation Of the compound Of formula q-N 



TO a sirred mixture o. 6g (32 mmoO TEMPO, 39.1 , (320 .mo„ o. ^ ^'^^ 
(0 32 mmon o. ^abutylam^nlumlodlde, 12.37 s (96 mmol) of .-buMhydropero.od (70A 

tor 21 hours un«l a« TEMPO has «acted. The rea*n mlxU^re ,s «>o,ed down to 25 0 
1 sLd wfth 121 g of a 10% aqueous NaaSO, sofutlon u- me disappearance of excess 
™dZ de. The aqueous phase is *en separated and washed w„h cyciohe^^ 

r : r r r zr pr .nr. 

r.:^(.i..i,Hexane,E.....^^ 

1.19 (s, 6H), 1.30-1.69 (m, 6H), 1.47 (d, J = 8Hz, 3H), 6.58 (,, J = BH., 1H), 6.92 6.96 (m. 
1H), 7.01-7.03 (m, 2H), 7.24-7.28 (m, 2H). 

( 

Example 5: Preparation of 

TO a sirred mbdure o, 50 mmo. 4^>™pox,-2^.e,6-.e.ra.e*yip.peHdine 41 .1^» poo 
Of oydohexene and 0.18 g (0.5 mmol) of wrabufy^mmon^od,* 74 (58 mmoi) 
:,t^,h;opero.ad,70%aqueousso,u..n,areaddeda.5S-Ow,«— .The 

^on mbdure is cooled down «, 25^ and stirred 63 g of an aqueous 20 /. Na^SO, 
^on unti, the disappearance of excess ..but,h,d^ro>ade. The aqueous phas 2^ 

separated and washed * cyciohexane. The combined organic phases are 
rZl^cag.andwas.«dw«hbHne,d.edoverMgSO.,«e,edand.heso.^^^^^^^^ 

ofl on a ™ta,y-evapo,«o,. The crude product purlfled by *tilWon, y,eid,nfl the trte 

product. 
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Example 6 ; Preparation of 




by Hydrogenation of the 



Product of Example 5 



A mixture of 4 mmol) of the product of Example 5 and 0.2 g Pd on charcoal (10%) in 10 ml 
of methanol is hydrogenated at 25'*C and 4 bar of hydrogen. Filtration and evaporation of the 
solvent yields the title product as a slightly orange oil. 

Example 7 : Preparation of the compound of the formula To a stirred mixture of 5.5 g (35 



mmol) TEMPO, 10.5 g (70 mmol) of phenylacetic acid methyl ester and 0.13 g (0.35 mmol) of 
tetrabutylammoniumiodide, 6.75 g (52.5 mmol) of t-butylhydroperoxid (70% aqueous 
solution) are added at 60°C within 25 minutes. The temperature is maintained at SO^'C for 46 
hours. The reaction mixture is cooled down to 25°C and stirred with 66 g of a 10% aqueous 
NaaSOa solution until the disappearance of excess t-butylhydroperoxide. The aqueous phase 
is then separated and washed with ethylbenzene. The combined organic phases are washed 
with brine, dried over MgS04, filtered and the solvent distilled off on a rotary-evaporator. The 
crude product is purified by flash-chromatography (silica gel, hexane : ethylacetate 9:1), 
yielding 6 g (56 % of theory) of the title product as a white crystalline solid, mp SS'^C - 87°C. 
Analysis required for C18H27NO3 (305.42): C 70.79%, H 8.91%, N 4.59%; found: C 70.60%, H 
9.13%, N 4.53%. ''H-NMR (CDCI3), 5 (ppm): 0.72 (s, 3H), 1.07 (s, 3H), 1.14 (s, 3H), 1.23 (s, 
3H), 1.28 - 1.58 (m, 6H), 3.65 (s, 3H), 5.21 (s, 1H), 7.27 - 7.35 (m, 3H), 7.43 - 7.45 (d-like, 
2H). 




iawcrw*ir». ^tAi/^ 
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ExamEleg: Preparation of the compound of the formula 

Z = 1320 mmol) o. .mylbenzene and 0.12 g (0.32 mmo,) c.««bu,ylammon,um»d* 6^ g 
W8 IZ 0, tUhydropemxid (70% aqueous soluUon) ^ addad a, 60 C «*n 3^ 
in Jrature is n,alnm,n.d a. 60-0 for 13 hoo., aHar „Woh anolhar 6^ , o. - 
Ztvd, pero Jand 0.12 , o, .el^u.— un«da a. addad ^ -^^^^ 
JJmJa. 60-0 for ar,o«ier 24 hours, cooled down to 26-0 and stned 120 » ot a 
Na^sa so,u«on un« .ha dlsappaaranoa of excasa f-buW^Pe-*. ^ 
aleoTZse i separated and washed w«h amy«»,»ene. The oomhine^ 
pZ are washed w,,h brine, drted over MgSO. f.»e™d and fbe advent drstrlled off on a 
1Z:Uo. The c^de p^uot . pu^ed by ffash^romatography ^^^^-^^ 
..yLfate . : 1,. yie*g .e «»e p^^C as a ye„^ * ^ ^^^^M^ 

(317.48): C 75.67%. H 9.84%. N 4.41%; found: € 74.01 /o, H 9.76/o. N 
(CDCI3). 5 (ppm. O-CJl only): 4.83 (p-llke, 1H). 

ExamE!e9: Preparation of the compound of the fonnula 

TO asarred mhdure of 6.4 , (25 mmol) of W.W,10,10«thyM,S<«o«.^^ 
splioMundeoane-N-oxlde, 8.9 g (50 mmol) ot 2-(4-emyl-phenoxyme.hy.)-o»rane ^ a09 
r ol L, o, tetrabutyl^umlodide, 3.4 g (37.S ^ of ^-^^^^'^ 
'Z^ solution) are added at 60-0 -hln 30 minutes. T.e tempe^Ju. ^'^J 
60-C for 17 6 hours. The maotion mixture is cooled down to 26-C and strred 47g of an 
1 0% Na.SO. solution un«l *e Csappea.^ o, excess ^■^^ 
I'ueous phase is «ien sepa^ted and washed - cyciohexane. ^ con*m«. o^^ 
pha"s L washed with brine, dried over MgSO., *red and«ie sol^ntdistlled off on a 
Z-^o.tcr, yielding 12.2 g of a brownish oi, pardally crys^l^ng at low temper*.™. 

pLct is obt^ned as an o„^«e sCid, mp 106^ - 1 10-C. '^"^'^ 
^.NO, (433.59): C 69.25%, H 9.07%, N 3^3%; toun* C 68.24%, H 9.04%. N 2.87^. H 
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NMR (CDCI3), 5 (ppm): 0.63 (br s, 3H). 0.93 (br s, 3H), 0.95 (br s. 3H), 1 .1 4.(br s. 3H), 1 .30 
(br s, 6H), 1 .45 - 1 .48 (m, 4H), 1 .53 - 1 .60 (m, 1 H), 2.05 - 2.09 (d-like. 1 H), 2.1 6 - 2.20 (d-like, 
1H), 2.75 ■ 2.76 (m, 1H), 2.89 - 2.91 (m, 1H), 3.34 - 3.36 (m, 1H), 3.45 (s, 4H), 3.94 - 3.99 
(m, 1H), 4.18 - 4.21 (m, 1H), 4.74 (q, J = 8Hz. 1H), 6.84 - 6.87 (d-like. 2H), 7.22 - 7.25 (d-like, 
2H). 

Example 10 : Preparation of the compound of the fonnula 



A stin-ed mixture of 1.42 g (2.5 mmol) of N,N'-dibutyi-6-chloro-N,N'-bis-(2,2,6,6-tetramethyl- 
piperidin-4-yl-N-oxide)-[1,3,5]-triazine-2,4-diamine, 4.2 g (50 mmol) cyclohexane, 0.018 g 
(0.05 mmol) tetrabutyiammoniumiodide and 1.93 g (15 mmol) t-butylhydroperoxid (70% 
aqueous solution) is brought to eS'C. The temperature is maintained at 68°C for 22 hours. 
The reaction mixture is cooled down to 25°C and stirred with 18.9 g of an aqueous 10% 
NagSOa solution until the disappearance of excess t-butylhydroperoxide. The aqueous phase 
is then separated and washed with cyclohexane. The combined organic phases are washed 
with brine, dried over l\/lgS04, filtered and the solvent distilled off on a rotary-evaporator, 
yielding 1.1 g g of a reddish solid. Purification by flash-chromatography (silica gel, hexane : 
ethylacetate 9:1) yields the title product as a white solid, mp se'C - 90°C. Analysis required 
for CaiHtaCINtOs (732.55): C 67.23%, H 10.18%, CI 4.84%, N 13.38%; found: C 67.16%, H 
10.08%, CI 4.91%, N 12.86%. ^H-NMR (CDCI3), 8 (ppm): 0.88 - 0.96 (m, 6H). 1.05 - 1.4 (m, 
42H), 1.45 - 1.60 (m, 6H), 1.63 - 1.80 (m, 8H), 2.0 - 2.1 (m, 4H), 3.25 - 3.35 (m, 4H). 3.55 - 
3.65 (m,2H), 4.9- 5.1 (m,2H). 

Example 1 1 : Preparation of the compound of the formula 




- CAS Regno 122587-12-6 
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TO a stirred mixture of 8 g (35 mmol) of propionic acid-2.2.6.6-tetramethylpiperidin-4.yi.N. 
oxide ester, 29.5 g (350 mmol) cyclohexane and 0.13 g (0.35 mmol) of 
tetrabutylammoniumiodide. 13.5 g (105 mmol) of t-butylhydroperoxid (70% aqueous solution) 
are added at 60°C within 20 minutes. The temperature is maintained at eo»C for 2.8 hours. 
The reaction mixture is cooled down to 25'C and stirred with 132 g of an aqueous 10% 
NaaSOa solution until the disappearance of excess t-butylhydroperoxide. The aqueous phase 
is then separated and washed with cyclohexane. The combined organic phases are washed 
with brine, dried over MgSO. filtered and the solvent distilled off on a rotary-evaporator. 
yielding 10 g of a reddish oil. Purification by flash-chromatography (silica gel, hexane : 
ethylacetate 9:1) yields the title product as a yellowish oil. Analysis required for C1BH33NO3 
(31 1 47)- C 69 41%, H 10.68%. N 4.50%; found: C 69.32%. H 10.57%. N 4.40%. ^H-NMR 
(CDCI3). 5 (ppm): 1.09 (t, J = 8Hz. 3H). 1.10 - 1.26 (m. 17H). 1.52 - 1.57 (m. 3H). 1.74-1.84 
(m. 4H). 2.03 - 2.05 (m. 2H), 2.28 (q. J = 8Hz. 2H). 3.56 - 3.62 (m, 1H), 4.98 - 5.06 (m. 1H). 

Example 12 : Preparation of the compound 



o 



o 




To a stirred mixture of 8.95 g (30 mmol) 8.10-diethyl-3,3.7.8.10-pentamethyl-1 ,5-dioxa.9-aza. 
spiro[5.5]undecane-N-oxide, 24.6 g (300 mmol) cyclohexene and 0.11 g (0.3 mmoO 
tetrabutylammoniumiodide are added at 65»C within 20 minutes 5.8 g (45 mmol) t- 
butylhydroperoxid (70% aqueous solution). The temperature is maintained at 65 C for 15 
minutes until all of the N-oxide has reacted. The reaction mixture is cooled down to 25-C and 
stirred with 57 g of an aqueous 10% Na^SOa solution until the disappearance of excess t- 
butylhydroperoxide. The aqueous phase is then separated and washed wfth cyclohexane. 
The combined organic phases are washed with brine, dried over MgSO. filtered and the 
solvent distilled off on a rotary-evaporator, yielding 1 0.5 g (92% of theory) of a slightly orange 
oil Purification by Flash-Chromatography (silica gel. Hexane / Ethylacetate 8 / 2) affords 9.7 
g (85% of theory) the title compound as a viscous, colourless oil. An^ysis required for 
(379.58): C 72.78%. H 10.89%. N 3.69%; found: C 72.61%. H 10.65%. N 3.66%. 



Fxam ple 13 : Preparation of the compound 
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To a stirred mixture of 9.1 g (30 mmol) 8,10-Djethyl-3,3,7,8,10-pentamethyl-1,5-dioxa-9-a2a- 
spiro[5.5]undecane-N-oxide, 31.9 g (300 mmol) Ethylbenzene and 0.11 g (0.3 mmol) 
Tetrabutylammoniumiodide are added at 60°C within 25 minutes 5.8 g (45 mmol) t- 
Butylhydroperoxid (70% aqueous solution). The temperature is maintained at 65''C for 15 
minutes until all of the N-oxide has reacted. The reaction mixture is cooled down to 25*^0 and 
stirred with 57 g of an aqueous 10% Na2S03 solution until the disappearance of excess t- 
Butylhydroperoxide. The aqueous phase is then separated and washed with Ethylbenzene. 
The combined organic phases are washed with Brine, dried over MgS04, filtered and the 
solvent distilled off on a rotary-evaporator, yielding 12.4 g (102% of theory) of a slightly 
yellow oil. Purification by Flash-Chromatography (silica gel, Hexane / Ethylacetate 9.5 / 0.5) 
affords 10 g (82,6 % of theory) of the title compound as a viscous, colourless oil. Analysis 
required for C25H41NO3 (403.61): C 74.40%, H 10.24%, N 3.47%; found: C 74.29%. H 
1 0.47%, N 3.36%. 

Example 14 : Preparation of the compound of Example 1 with the catalyst BU4NI generated in 
situ from BU4NCI / Nal; yield detennination by HPLC. 




To a stirred mixture of 0.5g (3.2 mmol) 2,2,6,6-tetramethylpiperidine-N-oxide (TEMPO), 3.8 g 
(35.6 mmol) ethylbenzene, 0.0092 g (0.032 mmol) tetrabutylammoniumchloride and 0.0048g 
(0.032mmol) sodium iodide dissolved in 1 ml water are added at 50°C 0.62 g (4.8 mmol) t- 
butylhydroperoxid (70% aqueous solution). The temperature is maintained at 50°C for 80 
minutes, after which a sample is withdrawn and analyzed by quantitative HPLC, The yield is 
78%. 

Example 15 : Preparation of the compound of Example 12 using immobilized onium iodide. 
This allows the catalyst be filtered off after the reaction. 
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b 




To a stirred mixture of 8.95 g (30 mmol) 8,10-diethyl-3.3.7.8,10-pentamethyl-1 .S-dioxa-Q-aza- 
spiroI5.51undeckne-N-oxide. 24.6 g (300 mmol) cyclohexene and 0.3 g (0.3 mmol) 
tributylmethyiammonlum iodide bound to polystyrene (1meq iodide / g) are added at 70»C 
within 35 minutes 5.8 g (45 mmol) t-butylhydroperoxid (70% aqueous solution). The 
temperature is maintained at 70°C for 18.5 hours until all of the nitroxide has reacted. The 
reaction mixture is cooled down to 25°C and the catalyst filtered off. The filtrate is stirred with 
57 g of an aqueous 10% Ha^SO, solution until the disappearance of excess t- 
butylhydroperoxide. The aqueous phase is then separated and washed with cyclohexane. 
The combined organic phases are washed with brine, dried over MgS04. filtered and the 
solvent distilled off on a rotary-evaporator, yielding 10.7 g (94% of theory) of the title product 
as a slightly orange oil. 

Example 16 ; Preparation of the compound of Example 9 

To a stirred mixture of 0.769 g (3 mmol) 3.3.8.8. 10.1 0-hexamethyl-1. 5.dioxa-9-aza- 
spiro[5.5]undecane-N-oxide. 1.6 g (9 mmol, 3eq) 2-(4.ethyl-phenoxymethyl)-oxirane. 0.046 g 
(0.3 mmol, 0.1 eq) biphenyl (internal standard) and 0.03 mmol (0.01 eq) onium iodide are 
added at 60"C 0.579 g (4.5 mmol, 1.5eq) t-butylhydroperoxid (70% aqueous solution). The 
temperature is maintained at 60»C. Samples are withdrawn and analyzed by quantitative 
HPLC. 

Using BU4NI as onium iodide yields 82% of theory after 22 h (nitroxide conversion: 97%). 
Good results are also achieved when the amount of 2-(4-ethyl-phenoxymethyl)-oxirane is 
reduced to 2, 1.5 or 1 eq.; or when using 1 eq. of 2-(4.ethyl-phenoxymethyl)-oxirane. the 
catalyst is replaced by the equivalent amount of Ph,P\ or OctaMeNI. or the amount of BU4NI 
is increased to 0.15 mmol (0.05 eq.). 
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Example 17 : Preparation of the compound 




CAS Regno 117174-66-0 

To a stirred mixture of 0.829 g (3 mmol) benzoic acid-2,2,6,6-tetramethyl-piperidin-4-yl-N- 
oxid ester, 2.53 g (30 mmol, 10eq) cycloliexane, 0.046 g (0.3 mmol, 0.1 eq) biphenyl (internal 
standard) and 0.03 mmol (0.01 eq) onium iodide are added at 60**C 0.579 g (4.5 mmol, 1.5eq) 
t-butylhydroperoxid (70% aqueous solution). Tlie temperature is maintained constant. 
Samples are withdrawn after 22 h and analyzed by quantitative HPLC. Results are given in 
the tables below: 

Table : Yield and nitroxide conversion after 22 h reaction at various temperatures 
Catalyst Reaction Product yield [%] Nitroxide 



Temperature conversion [%] 

BU4NI 60X 33 38 

OctaMeNI 60°C 31 35 

BU4NI 70°C 43 48 

BU4NI 80°C 46 52 



Good results are also achieved when the amount onium iodide catalyst or the amount of 
tert.butyl hydroperoxide is doubled. 



wo 03/045919 



-45- 



PCT/EP02/12957 



j^. Product yield and nltroxide conversion after 22 h reaction a. 80-C and >»ino 9 mmoi 

(3 eq.) of tert.butyl hydroperoxide^^ 

Nitroxide conversion 

[%] 



BU4NI 
OcUNI 

HexadecyUNI 

Dodecyl4Nl 

Hex4Nl 

OctadecykMeaNI 

HexadecylBzMeaNI 

TetradecylaMeeNI 

OctaPrNI 

OctBzMesNI 

OctsMeNI 

HexadecylPyl 

OctaMeaNI 

OctMeaNl 

Et4N 

OctaMeSI 

Ph4PI 

PhgiPrPl 

PhgEtPI 

PhsHexPI 

BU4PI 

BusHexadecylPI 

OcUPI 

PhaWlePI 

PhaMeaPI 

EUPI 

PhMeaPI 

Ph3(CH2C02Me)PI 
PhaBzPI 



63 
59 
59 
58 
58 
57 
57 
56 
56 
56 
54 
54 
53 
52 
38 
12 
74 
71 
63 
61 
61 
61 
58 
57 
51 
46 
39 
36 
34 



69 
67 
68 
67 
68 
64 
63 
63 
65 
63 
63 
59 
62 
57 
42 
17 
88 
87 
74 
71 
68 
68 
66 
65 
56 
50 
44 
35 
40 
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Abbreviations: /We methyl, Ef ethyl, Pr n-propyl, /Pr iso-propyl, Sun-butyl, Hexn-hexyl, Ocfn- 
octyl. Ph phenyl, Bz benzyl, Py 1 -pyridinium 

Using a wide variety of catalysts, the present process effectively converts the N-oxide into 
the desired product, yielding only low levels of by-products. 

Example 18 : Preparation of the compound of Example 17 using Ph4Pi as catalyst 



To a stirred mixture of 8.3 g (30 mmol) benzoic acid-2,2,6,6-tetramethyl-piperidin-4-yl-N-oxid 
ester, 25.4 g (300 mmol) cyclohexane and 0.14 g (0.3 mmol) tetraphenylphosphonium iodide 
are added at 80°C within 30 minutes 11.6 g (90 mmol) t-butylhydroperoxid (70% aqueous 
solution). The temperature is maintained at 80**C for 19.3 hours. The reaction mixture is 
cooled down to 25''C and stirred with aqueous 10% NaaSOs solution until the disappearance 
of excess t-butylhydroperoxide. The aqueous phase is then separated and washed with 
cyclohexane. The combined organic phases are washed with brine, dried over MgS04, 
filtered and the solvent distilled off on a rotary-evaporator, yielding 9 g of a red oil. 
Purification by fiash-chromatography (silica gel, hexane / ethylacetate 9/1) affords 6.8 g 
(63% of theory) of the product as a viscous, coloriess oil. Analysis required for C22H33NO3 
(359.51): C 73.50%, H 9.25%, N 3.90%; found: C 72.68%. H 9.39%, N 3.85%. 

Example 19 : Preparation of the compound 




CAS Regno 264224-73-9 

To a stirred mixture of 7.7 g (45 mmol) triacetoneamine-N-oxide, 37.3 g (450 mmol) 
cyclohexene and 0.17 g (0.45 mmol) tetrabutylammonium iodide are added at 60°C within 1 
hour 17.4 g (135 mmol) t-butylhydroperoxid (70% aqueous solution). The temperature is 
maintained at 60°C for 21 .7 hours. After further addition of catalyst (0.24g, 0,45 mmol 
trioctylmethylammonium iodide ) and t-butyihydroperoxide (17.4g, 135 mmol) the 
temperature is maintained another 24 hours. The reaction mixture is then cooled down to 
25''C and stirred with aqueous 10% Na2S03 solution until the disappearance of excess t- 
butylhydroperoxide. The aqueous phase is separated and washed with cyclohexane. The 
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combined organic phases are washed with brine, dried over MgS04, filtered and the solvent 
distilled off on a rotary-evaporator, yielding 1 1 .7 g of an orange oil. Purification by flash- 
chromatography (silica gel. hexane / ethylacetate 9 / 1 ) affords the title product as a coloriess 
oil. Analysis required for CsHasNOa (251.37): C 71.67%. H 10.02%. N 5.57%; found: C 
71 .33%, H 1 0.03%. N 5.78%. 

Examole 20 ; Preparation of the compound 

o^o.; 

To a stirred mixture of 5g (32 mmol) TEMPO. 52.5 g (320 mmol) 2-Phenylethylacetate and 
0.12 g (0.32 mmol) Tetrabutylammoniumiodlde are added at 60»C within 25 minutes 12.37 g 
(96 mmol) t-Butylhydroperoxid (70% aqueous solution). The temperature is maintained at 
eo-C for 18.67 hours until all of the TEMPO has reacted. The reaction mixture is cooled 
down to 25»C and stirred with 121 g of an aqueous 10% Na^SOa solution until the 
disappearance of excess t-Butylhydroperoxide. The aqueous phase is then separated and 
washed with Ethylbenzene. The combined organic phases are washed with Brine, dried over 
MgS04 filtered and the solvent distilled off on a rotary-evaporator. The cmde product is 
purified by flash-chromatography (silica gel. Hexane / Ethylacetate 9/1). yielding the title 
product as a coloriess oil. Analysis for CsH^NOs (319.45): C 71 .44%, H 9.15%. N 4.38%; 
found: C 71.36%. H 9.20%, N 4.21%. ^H-NMR (CDCI3). 5 (ppm): 0.66 (broad s, 3H). 1.08- 
1.60 (m. 15H). 1.95 (s. 3H). 4.23-4.30 (m. 1H), 4.57-4.61 (m. 1H). 4.91 (t. J = 8Hz. 1H). 7.28- 
7.37 (m. 5H). 

Example 21 : Preparation of the compound 

To a stirred mixture of 7.8 g (50 mmol) TEMPO. 41.1 g (500 mmol) Cyclohexene and 0.18 g 
(0.5 mmol) Tetrabutylammoniumlodide are added at 55°C within 30 minutes 7.4 g (58 mmol) 
t-Butylhydroperoxid (70% aqueous solution). The reaction mixture is cooled down to 25°C 
and stirred with 63 g of an aqueous 20% Na^SOa solution until the disappearance of excess 
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t-Butylhydroperoxide. The aqueous phase is then separated and washed with Cyclohexane. 
The combined organic phases are passed through a plug of silica gel and washed with Brine, 
dried over lyigSO*. filtered and the solvent distilled off on a rotary-evaporator. The crude 
product is purified by distillation, yielding 8 g (67.4 % of theory) of an orange oil (bp 62''C- 
eS-C / 0.04 mbar). Analysis required for C15H27NO (237.39): C 75.90%, H 11 .46%, N 5.90%; 
found: C 75.69%, H 11.99%, N 5.75%.^H-NMR (CDCI3), 6 (ppm): 1.13-2.07 (m, 24H), 4.24 
(brs, 1H), 5.77-5.81 (m, 1H), 5.91-5.95 (m, 1H). 

Examole 22 : Hydrogenation of the product of Example 21 



A mixture of 0.95 g (4 mmol) 1-(Cyclohex-2-enyloxy)-2,2,6,6-tetramethyl-piperidine and 0.2 g 
Pd on charcoal (10%) In 10 ml Methanol is hydrogenated at 25''C and 4 bar Hydrogen. 
Filtration and evaporation of the solvent yields the title product as a slightly orange oil. 
Analysis for C15H29NO (239.40): C 75.26%, H 12.21%, N 5.85%; found: C 74.53%, H 
12.07%, N 5.90%. ^H-NMR (CDCI3), 5 (ppm): 1.12-1.39 (m, 19H), 1.40-1.65 (m, 7H), 1.74 (br 
s, 1 H), 2.04 (br s, 1 H), 3.58 (m. 1 H). 

Example 23 : Hydrogenation of the crude product of Example 21 

A mixture of the crude product from example 21 (1 0.87 g, 91 .6% of theory) and 2.4 g Pd on 
charcoal (10%) in 120 ml Methanol is hydrogenated as described in example 22. Filtration 
and evaporation of the solvent yields 6.8 g of a slightly yellow oil. Analysis required for 
C15H29NO (239.40): C 75.26%, H 12.21%, N 5.85%; found: C 74.53%, H 12.07%, N 5.90%. 
'H-NMR (CDCI3), 5 (ppm): 1.12-1.39 (m, 19H), 1.40-1.65 (m, 7H), 1.74 (brs, 1H), 2.04 (brs, 
1H),3.58(m, 1H). 
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Example 24 : Preparation of the compound 

To a stirred mixture of 7.3 g (32 mmol) Propionic acid.2.2.6,6-tetramethylpiperidin-4.yl-N- 
oxide ester, 26.3 g (320 mmol) Cycloiiexene and 0.12 g (0.32 mmol) 
Tetrabutylammoniumiodide are added at 55»C within 25 minutes 6.2 g (48 mmol) t- 
Butyihydroperoxid (70% aqueous solution). The temperature is maintained at 55»C for 5 
minutes until all of the TEMPO has reacted. The reaction mixture is cooled down to 25»C and 
stirred with 61 g of an aqueous 10% Na^SOa solution until the disappearance of excess t- 
Butylhydroperoxide. The aqueous phase is then separated and washed with Cyclohexane. 
The combined organic phases are passed through a plug of silica gel and washed with Brine, 
dried over MgS04, filtered and the solvent distilled off on a rotary-evaporator, yielding 8.7 g 
(87 9% of theory) of the above product as a slightly orange oil. Analysis required for 
C1BH31NO3 (309.45): C 69.87%. H 10.10%. N 4.53%; found: C 69.36%, H 10.03%. N 4.45%. 
^H-NMR (CDCI3). 8 (ppm): 1.12 (t. J = 8Hz. 3H). 1.20-1.26 (m. 12H). 1.52-1.58 (m. 4H), 1.73- 
2.1 (m. 6H). 2.29 (q. J = 8Hz, 2H). 4.23 (m. 1H), 5.05 (m. 1H). 5.79-5.82 (m. 1H). 5.90-5.94 
(m.lH). 

Example 25 : Hydrogenation of the product of Example 24 



.0 

o 



0°^ 




A mixture of CG40-1201 (1g. 3.19 mmol) and 0.17 g Pd on charcoal (10%) in 30 ml Hexane 
is hydrogenated as described in example 6. Filtration and evaporation of the solvent yields 
0.9 g (90.6% of theory) of a slightly yellow oil. Analysis required for C18H33NO3 (31 1.47): C 
69 41%. H 10.68%. N 4.50%; found: C 69.20%. H 10.76%. N 4.42%. ^H-NMR (CDCI3). 5 
(ppm): 1.09 (t, J = 8Hz. 3H). 1.10-1.26 (m. 17H). 1.52 - 1.57 (m. 3H). 1.74 - 1.84 (m, 4H). 
2.03 - 2.05 (m. 2H), 2.28 (q, J = 8Hz. 2H), 3.56 - 3.62 (m, 1H). 4.98 - 5.06 (m. 1H). 
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Example 26 ; Preparation of the compound 




To a stirred mixture of 14.2 g (25 mmol) of N,N'-Dibutyl-6-chloro-N,N'-bis-(2,2,6,6- 
tetramethyl-piper!din"4-yl-N-oxide)-[1,3,5Hriazine-2,4"diamine, 41 g (500 mmol) Cycloliexene 
and 0.18 g (0.5 mmol) Tetrabutylammoniumiodide are added at 57°C within 30 minutes 9.7 g 
(75 mmol) t-Butylhydroperoxid (70% aqueous solution). The temperature is maintained at 
57°C for 5 minutes until all of the TEMPO has reacted. The reaction mixture is cooled down 
to 25°C and stirred with 63 g of an aqueous 10% NaaSOa solution until the disappearance of 
excess t-Butylhydroperoxide. The aqueous phase is then separated and washed with 
Cyciohexane. The combined organic phases are washed with Brine, dried over MgS04, 
filtered and the solvent distilled off on a rotary-evaporator, yielding 14.5 g (79.6% of theory) 
of a slightly yellow solid. Crystallization from Acetone / Hexane yields 12.2 g (67%) of a white 
solid, mp 83°C - 87°C. Analysis required for C41H70CIN7O2 (728.51): C 67.60%, H 9,69%, CI 
4.87%, N 13.46%; found: C 67.27%, H 9.63%, CI 4.97%, N 13.34%. ""H-NMR (CDCI3), 6 
(ppm): 0.89 - 0.96 (m, 6H), 1.22 - 1.32 (m, 26H), 1.49 - 1.56 (m, 12H), 1.73 - 1.78 (m, 8H), 
1 .89 - 2.04 (m, 6H), 3.31 - 3.32 (m. 4H), 4.24 - 4.26 (m. 2H), 4.99 - 5.06 (m. 2H), 5.80 - 5.83 
(m, 2H), 5.92-6.02 (m, 2H). 
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WHAT IS CLAIMED IS: 



1 Process for the preparation of an amine ether of a sterlcally hindered amine by rBactIng a 
corresponding sterically hindered aminoxide with an aliphatic hydrocarbon compound, 
characterized in that the reaction is carried out in the presence of an organic hydroperoxide 



and an iodide. 



2 Process of claim 1 for the preparation of an amine ether of a sterically hindered amine by 
reacting a corresponding sterically hindered aminoxide with a hydrocarbon compound, 
characterized in that the reaction is carried out in the presence of an organic hydroperoxide 
and a catalytic amount of an iodide. 

3. Process of claim 1 , wherein the amine ether is of the fomiula A 



/ 



-E' 



(A) 



a 



wherein 

ais1or2; 

when a is 1, E" is E 

when a is 2, E is L; 

E is C1-C36 alkyl; C3-C18 alkenyl; C2-C18 alkinyi; C5-C18 cycloalkyl: C5-C18 oycloalkenyl; 
a radical of a saturated or unsaturated aliphatic bicycllc or tricyclic hydrocarbon of 7 to 12 . 
carbon atoms; Cs-CyalkyI or Cs-Cyalkenyl substituted by halogen. CrCsalkoxy or phenoxy; 
C4-C,aheterocycloalkyl; C^-C^heterocycloalkenyl; C7-C15 aralkyl or C4-C«heteroaralkyl. 
each of which is unsubstituted or substituted by C^Ca alkyi or phenyl; or E te a radical of 
formula (VII) or (VIII) 



(VII), 





*66 


( 


^55 



-Ar 



(VIII), wherein 



Ar is Ce-Cioaryi or Cs-Cgheteroaryl; 
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X is phenyl, naphthyl or biphenyl, which is substituted by 1 , 2, 3 or 4 D and Optionally further 
substituted by NO2, halogen, amino, hydroxy, cyano, carboxy, CrC4alkoxy, Ci-C4aikylthio, 
CrC4alkylamino or di(Ci-C4alkyl)amino; 

D is a group o'''""'^'""^Yy ' ^ S''°"P ^(0)-Gii3 or a group C(0)-G9-C(0)-Gi3; 
O 

Gi and G2, independently of each other, are hydrogen, halogen, NO2, cyano. 
-CONR5R6, -(R9)COOR4, -C(0)-R7, -ORb, -SRa, -NHRe, -N(Ri8)2, carbanrioyi, di(Ci- 
Ci8alkyl)carbamoyl, -C(=NR5)(NHR6), Ci-Ciealkyl; Ca-Ciaalkenyl; Ca-Ciealkinyl, G7- 
Cgphenylalkyl, C3-Ci2cycloalkyl or C2-Ci2heterocycloalkyl; d-Ciaalkyl or Cs-Cisalkenyl or C3- 
Cieaikinyl or CrCsphenylalkyI, C3-Ci2cycloalkyl or C2-Ci2heterocycloalkyl substituted by OH, 
halogen, NO2, amino, cyano, carboxy, COOR21; C(0)-R22; CrC4alkoxy, CrC4aJkylthio, d- 
C4alkylamlno or di(CrC4alkyl)amino or a group -0-C(0)-R7; C2-Ci8alkyl which is interaipted 
by at least one O atom and/or NR5 group; or are Ce-Cioaryl; or phenyl or naphthyl which are 
substituted by Ci-G4alkyl, Ci-C4alkoxy, Ci-C4alkylthio, halogen, cyano, hydroxy, carboxy, 
COOR21, C(0)-R22, Ci-C4alkylamino or di(Ci-C4alkyl)amino; or Gi and G2 together with the 
linking carbon atom form a Cs-CiacycloalkyI radical; 

G5 and Ge are independently of each other H or CH3; 
G9 is Gi-Gi2alkylene or a direct bond; 
Gi3 is Ci-Ci8alkyl; 

Gi4 is CrCi8alkyl, C5-Ci2cycloalkyl, an acyl radical of an aliphatic or unsaturated aliphatic 
carboxylic or carbamic acid containing 2 to 1 8 carbon atoms, an acyl radical of a cyclo- 
aliphatic carboxylic or carbamic acid containing 7 to 12 carbon atoms, or acyl radical of an 
aromatic acid containing 7 to 1 5 carbon atoms; 
G55 is H, CH3 or phenyl; 

Gee is -CN or a group of the fomiula -COOR4 or -CONRsRs or -CH2-O-G14; 

L is alkylene of 1 to 18 carbon atoms, cycloalkylene of 5 to 8 carbon atoms, cycloalkenylene 
of 5 to 8 carbon atoms, alkenylene of 3 to 18 carbon atoms, alkylene of 1 to 12 carbon atoms 
substituted by phenyl or by phenyl substituted by alky! of 1 to 4 carbon atoms; or is alkylene 
of 4 to 18 carbon atoms interrupted by COO and/or phenyiene; 

V is tertiary C4-Ci8alkyl or phenyl, each of which are unsubstituted or substituted by halogen, 
OH, COOR21 or C(0)-R22; or T is C5-Ci2cycloalkyl; Cs-Ci2cycloalkyl which is interrupted by at 
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leas. one 0 or -NR.-; a po^Cio radios hav,n« 7-18 oa*on^to^, or ^ _ 
radical which is ln.en.p.ed by a, leas, one O or -NR.-; or T « ■C(Q,)(Gd-T . or C-C^W 

— PC 

OR22 . 

or CrCiacycloalkyI substituted by 

r la hydroger,, hrtogen. NO. cyano. or is a monov^n. crflanlc radical comprising 1-50 

carbon atoms; 

or r and T together fom, a divalent organic linking group completing, togemer with «« 

amine nitrogen atom and the quatema^ ca„»n atom substH^d b, 3, and G.. a„ 
optionally substituted five- or six-membered ring structure; 



and 

R4 is hydrogen 
Rs and 1=^6 are hydrogen 



C,-0,H.IM, phenyl, an alkali metal cation or a tetraalkylammonium ca«co; 
». ana ne -» hydrogen, C-Calkyl, CCaikyl which Is substituted by hydroxy or, taken 
Z^L a cLlkylene bhdge or a 0^r-k,ene bridge «n.p.ed by O or,and 

NRis; 

R7 is hydrogen, d-Cisalkyi or Cs-Cioaryl; 

Rs is hydrogen, CrCisalkyi or CrCiahydroxyallcyl; 

Rg is d-Ciaaiicylene or a direct bond; ^ ^ ^ , „ nu rnoR,, 

r1 is C,-C,.a,kyi or phenyl, which are un^ed or substituted by hak=gen, OH, DOOR., 

or C(0)-R22; 

R21 is hydrogen, a all<ali metal atom or Ci-C,8all<yl: and 
R22 is Ci-Ci8alkyi; 

the aminoxide is of fomiula B 

>< (B) 

T 

and the hydrocarbon is of fomiula IV or V 

E-H CV) 
H-L-H ■ 
wherein E. Q,. G^. L. T and T are as defined for formula A. 
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4. Process according to claim 1 , wherein the organic hydroperoxide used in the process of . 
present invention is a peroxoalcohol containing 3-18 carbon atoms, especially tert.butyl- 
hydroperoxide. 

5. Process according to claim 1. wherein 1 to 100 moles of the hydrocarbon, 1 to 20 moles of 
organic hydroperoxide, and 0.001 mmoles to 0.5 moles of Iodide catalyst are used per mole 
of aminoxide. 

6. Process according to claim 1 , which is carried out in the absence of copper or a copper 
compound. 

7. Process according to claim 1 , wherein the hydrocarbon is used in excess and serves both 
as reactant and as solvent for the reaction and/or wherein a further inert organic or inorganic 
solvent is used. 

8. Process according to any of claims 1 to 7, wherein the reaction is carried out in the 
presence of a phase transfer catalyst. 

9. Process according to claim 8, wherein the catalyst is selected from alkaline or alkaline 
earth metal iodides, ammonium iodides and phosphonium iodides, especially from tetraalkyi 
ammonium iodides, tetraphenylphosphonium iodide and triphenylalkylphosphonium iodides. 

10. Process according to claim 3, wherein in the formulae A and B 

T and T together are an organic linking group containing 2-500 carbon atoms and 0-200 
hetero atoms selected from oxygen, phosphorus, sulfur, silicon, halogen and nitrogen as 
tertiary nitrogen, and forming, together with the carbon atoms it is directly connected to and 
the nitrogen atom, an optionally substituted, 5-, 6 or 7-membered cyclic ring structure. 

1 1 . Process according to claim 1 , wherein the aliphatic hydrocarbon compound contains an 
ethylenic double bond, and the product is subsequently hydrogenated. 

12. Use of an organic hydroperoxide together with an iodide and an aliphatic hydrocarbon 
compound for the preparation of a sterically hindered amine ether from its N-oxyi precursor. 

13. A compound of the formula a, b c or d: 
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a) 



d) 



54 





I 

N N 




14 use of a a s«noally hindered amine e«ner obtained according to ar,y of daims 1 -1 0 ae a 
aatHiizer for organic material against degradato b, light, ox„en and/or heat, or as 
polymerization regulator. 
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